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XXIV. the principal Properties of the Engine for turning 
Ovals in Wood or Metal^ and of the Injlrument fot 
drawing Ovals upon Paper ^ dentonjlrated. By the Rev, 
Mr. Ludlam, Vicar 0/ Norton, near Leicefter; com- 
municated by the Aftronomer Royal. 



Read May 4, 1780. 

^^ I ^ H E inftrument for drawing ovals upon paper or 
-** board is fo common, that a particular defcription 
of it is needlefs. It is much in ufe among the joiners, 
and called by them the trammels. One part of it confifts 
of a crofs with two grooves at right angles : the other is 
a beam carrying two pins which Aide in thofe grooves, 
and alfo the defcribing pencil; we ftiall diftinguifti th^fe 
two parts by the names of the crofs and the beam. 

It is very 'well known, that all the engines for turning 
ovals are conftru£ted on the fame principles with the 
trammels; the only difference is, that in the trammels 
the board is at reft, and the pencil moves upon it ; in the 
turning engine, the tool (which fupplies the place of the 
pencil) is at reft, and the board moves againft it. 

Let 
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Let ha and Tib (fig. i.) be two indefinite lines, inter- 
fe<5ling each other at right angles in c. Let lsm be the 
beam, or a rigid right line, in which aflume two fixed 
points L and s at pleafure. If the fixed point l be kept 
always Hiding upon the line bc/^, and the other point s 
always Hiding upon the line A.ca\ I fay then, that any 
point M in the line ls, or that line produced, will defcribe 
an ellipfe. 

Bife6t LS in e, and through c and e draw the indefi- 
nite right line ceh. Upon ls as a diameter with the 
center e defcribe a femi-circle, and becaufe Lcs is a right 
angle, it will pafs through c, and ec=el. Through m 
draw MPH perpendicular to ac meeting ce produced in 
H ; and becaufe mh is parallel to cl, the triangles meh 
and cel are fimilar, and he=me, and he+ec=me + el, 
or CH=LM. The point h therefore always falls in the 
circumference of the circle had a defcribed with the cen- 
ter c and radius ch=lm. Now the fimilar triangles chp 
and SMP give ch : sm :: ph : pm. But when l arrives at 
c, then LM (=ch) coincides with ca ; and when s arrives 
at c, then sm coincides with cb ; therefore ca : cb :: ph : pm, 
and ca* : cb* :: ph* : pm% or c a* : cb* :: ap x p « : pm*, which 
is the property of an ellipfe, whofe firft femi-axe is ca 
or LM, and fecond femi-axe is cb=sm. 

Vol. LXX. E e e Produce 
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Produce pm till it meets the circle in n, and draw the 
radius cn; then ph=pn and ca : cb :: pn : pm. Again, 
becaufe pch=pcn, therefore >jcd=ecl=elc and cn is 
parallel to lm, and cl=nm. Draw m/> perpendicular to 
B/^, cutting CN in n^ and for the like reafon c;^=sm=cb, 
and cs=M«. While the point m defcribes an oval, the 
point E defcribes a circle whofe center is c and radius 

CE=|SL. 

To the ruler mel (fig. 1. and 3.) fix another ruler or 
right line nfsx. paffing through e, fo that the ruler ni'sx. 
may be carried about by the ruler mel, keeping the 
angle me;/2 between the two rulers invariable. On »zek 
take ev=ek, and each - es or el, I fay, the point v will 
defcribe a right line <2vca paffing through c, and making 
an angle <3:cs with ca, equal to half w?.m the angle made 
by the two rulers; the point k will alfo defcribe a right 
line i6KC,<3 paffing through c, and making an angk ,$CL, 
with CL, alfo equal to half ME;%. 

On the center e (fig. 2. and 3.) and with the radius 
EC defcribe a circle and it will pafs through the points 
s, V, c, L, k; draw the lines vc and kc, and the angles 
SEV, and scv, both Hand on the fame arch sv; the for- 
mer at the center e, the latter at the circumference c j 
therefore the former is double the latter. In like manner 
the angles kel and kcl both ftand on the fame arch kl, 
I the 
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the former at the center, the latter at the circumference; 
therefore the former is double the latter. Now as this 
holds in every pofition of the rulers during their joint 
motion, it is manifeft, the points v and k will each de- 
fcribe right' lines, namely, azcu. and /5c/?, pafling through 
c and making the angles ach. and bcx. (=bCjS) each equal 
to half ME m. 

Hence the lines acv, and bc^, traced by the points v 
and K are at right angles, and the ruler msn.K. moves 
exa<5lly in the fame manner as if it was guided by the 
the points v and k Hiding on the lines acx and <5c/3, at 
right angles to each other ; juft in the fame manner as 
the ruler msl is guided by the points s and l, Aiding 
on the lines ac and bc. Therefore if any point m be 
alTumed in the line ^\m as a defcribing point, the figure 
defcribed will be an ellipfe, the pofition of whofe piinci- 
pal axes are the lines acx and bc^; the center of the 
ellipfe being ftill in c as before. If m)L is taken, equal to 
ML, the ellipfe thus defcribed by the point m will be the 
fame with that defcribed by the point m, only in another 
pofition: its greater femi-axis ac making an angle with 
AC, the greater femi-axis of the former ellipfe, equal to 
Jialf MEW, the angle which the rulers or lines ME and 
SHE make with each other. 

E e e a Scholium, 
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Scholium. This propolition is demonftrated in schoo- 
ten's Exercitationes, ^c. p. 305.; but he makes twelve 
cafes of it: had he made ufe of the 20th of the 3d El. 
they might have been all comprehended under one. 

In the turning of ovals, the top of the rejl which fup- 
ports the tool is always made to pafs through s and l 
(fig. I .) the two centers round which the oval engine 
turns; and in this cafe the ruler or line msel reprefents 
the top of the reJl. If the tool be held on any part of 
the reji between the work-man, and the neareft center as 
at M, an oval will be turned having its longer axis xa (in 
one pofition of the work) coinciding with the top of the 
reJl. As the tool is removed towards s, the oval will grow 
narrower and at s become a right line. Beyond s towards 
E it will grow rounder, and at e become a circle ; beyond 
E it will grow narrower, and at l become a right line at 
right angles to the right line defcribed when the tool was 
at s. If the tool be removed beyond l, it will defcribe an 
oval again, whofe longer axis is at right angles to the 
longer axis of the oval firft defcribed when the tool was 
at M. It may be very convenient to mark the points s 
and L and alfo their middle point- e on the top or face of 
the reJl that fupports the tool. If any thing be inter- 
pofed between the tool and the top of the reJi fo as to 
raife the tool above the line paffing through the centers 

s and 
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s and L, an oval will yet be defcribed, whofe center will 
be the fame with that of the oval fiift defcribed when 
the tool was at m; but its principal axis will crofs the 
principal axis of that oval (fig. 2. and 3.). Draw right 
lines both from m the old place of the tool, and from m 
the new place of the tool, to the point e marked on the 
reji. Half the angle which thefe two lines make with 
each other will be the angle which the principal axis of 
the new oval makes with the principal axis of the old 
one. 

It is well known, that Avhen the oval engine is fet in 
order for working, there is a part which Aides back, and 
is then fixed, which feparates the two centers of motion 
and gives the eccentricity ; for the difference between the 
firft and fecond femi-axes will be juft as much as the cen- 
ters are thus feparated : call the diftance between the two 
centers e; let now the tool be fixed in any place, upon, 
above, or below the reJi', call m% the diftance of the tool 
from the middle point between the centers (marked e on 
the reJi) d; and the greater femi-axis of the oval fo de- 
fcribed will be D + jE, and the lefler femi-axis D- 1 e ; and 
thus both the form and pofition of the oval will be 
known. All workmen know the tool muft never be 
raifed above the place where it was at firft held, and we 

n fee 
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fee the reafon ; it would deftroy the oval firft begun to 

be turned, and form a new one in a different pofition. 

But there is another difficulty in turning ovals, efpe- 
cially fuch as have mouldings, as picSture-frames, Sec. 
The tool generally has all the mouldings formed vipon 
it : now if it be laid flat upon the reji, and the engine fet 
to work; the mouldings will in fome places crofs the 
plane of the tool (or the top of the rejl) at right angles 
(as in turning circles), in other places obliquely. This 
will make the feveral members of the mouldings leaner 
or fmaller in one part of the work than another. Nor 
will the cafe be altered if the mouldings be turned fepa- 
rately. Analogous to this, when an oval is drawn by 
the trammels, the line defcribed by the pencil will not, 
as in a circle, be always at right angles to the beam of 
the trammels. The oval line fo drawn will be at right 
angles to the defcribing beam, only at the extremity of 
the two principal axes where the beam coincides with 
thofe axes ; in all other places the oval line and beam 
make an oblique angle. It may be proper therefore to 
enquire how much this angle deviates from a right angle. 
This we fliall call the angle of deviation. 

All things as in fig. i. draw the tangents tm and tn, 
to the point m in the ellipfe and the point n in the circle 
correfponding to each other ; and from the nature of the 

ellipfe 
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elliple thefe tangents will meet each other in the axis ca 
produced. Draw mg perpendicular to tm, and gms will 
be the angle of deviation fought. I fay, the angle mtn, 
between the tangents to correfponding points in the 
ellipfe and circumfcribing circle, is equal to the angle of 
deviation gms. 

For becaufe tnc is a right-angled triangle, and np 
perpendicular to xc; therefore Tivjp=NCP=MSP, that is 
(in the triangles mtn and gms) the angles tnm and msg 
are equal. In like manner, becaufe tmg is a right- angled 
triangle and mp perpendicular to tg, therefore tmp= 
MGP, and (in the triangle mtn and gms) the angles tmn 
and MGS are equal ; therefore in the fame triangles, the 
remaining angles mtn and gms are alfo equal. 

To compute the angle mtn, we have by trigonometry 
TP*+pmxpn : TP ::mn : tan. mtn, radius being unity. 
Call now CA=/, cb=c, cv=x, vu^^y^ ca-^cb (or t-c) =4 
and we have vn^'^tt-xxi alfo cd : cb :: pn : pm 



-\/tt~xx.-K-y whence pm x PN = //-A?Ar x-. Again 

cp : PN :: pn : pt, whence tp= "~'^* . Laftly, cd : bd :: 

..PN : w^-s/tt-xxx. - ; whence the tangent of mtn the 

angle fought is "y^-"" . and this is a maximum when 

-^. or -^ = ATX, or when ^—zzyy or when cp and pm 

have fxjch a proportion that cp^ : pm* :: ca^ : CB^ 

Let 
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Let KWB, a b (C\g. 4.) be an eUi|4e whofe center is c; 
draw the circumicribed and infcribed circles as before ; 
the former cutting the fecond axis produced in d, the 
latter cutting the firft axis in d, and the fecond axis in b. 
On Di^ as a diameter deferibe a circle cutting the firft axis 
ha in Q_, draw DQ.and b (x. Set off CR=: dq., join DR, and 
draw DP at right angles cutting the firft axis in p, draw 
PM an ordinate to that axis, and m will be the point in 
the oval line where the angle of deviation is greateft. 
Otherwife, upon cb produced fetofFcr=/5Q., join ^r, and 
draw dp at right angles cutting the fecond axis in p: 
draw/)M an ordinate to that axis, and m will be the point 
where the angle of deviation is greateft. 

At the maximum (when xx::=-—\ pn'=— , pm' = 

^ t + cj / + <:' 



cce 

7+7' 



tC£ 

and TP' = — : whence tp'=pm x pn. Alfo, pn, pm, tp, 



are to each other as ca, cb, and \/cax cb, refpe<Stively. 
Therefore, ^^~^^ jg the tangent of mtn, radius being 

"unity. Alfo U— is the tangent of ntp ; and mtp is the 

complement of ntp : therefore mtn is twice the excefs 
of NTP, above 45°. 
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At thi tni if fagt ii6 adJ, 
In fig. 4. drav a circle through the {miots n, m, t ; and at the nuuCiinain where 
tp»=pmX.n? this circle will touch 'ca produced in T. From E the centir of thig 
circle draw ef perpendicular to km, alfo the radii en and em ; and fn is th^jineof 
NEE, or half NEM, or of its equal mtn, to the radius ek. But bm = et zz'ty=i 
PJf+J>M, , PN— PM 1.,, - . . ... 

I . , and FN = ■ . Therefore pn + pm is to «f — pm, or en •{■ cb is t» 
z 2 

CD— 'CB, or CA 4- CB istocA — CB, as radius is to thefineof the.gieateft angle of 

CA^^'CB 

deviation, which is therefore equal to ' ^ , radius being unity. 
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fap 6, liiu miefimib. rtad be oeariy mathematically. 

(tyl.fiKuU.Jtli yet. 

7,/. i3,<&& f«aioD ABC, or 

7, /. i%;at tbtad of tit Unt aid my nearly. 
394, /. i5> trtni^fi general eqmtwn A tht h^itmo^ iftbi lim airvu 
40iJ.f>, 7. 8./«r 9145 r. 944J. 
405, L 1,/^ th$ l^, i+v'—J r. i-.^/— 3, 

,' St a 

445, mdiftht iftline,fir and x r. and X. 
14^-/. lo^drcumftaocesp. and which are. 
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